The principal problems associated with the construction of 3D models for integrated reservoir interpretation are:
A solution to these problems and therefore the key to integrated interpretation from seismic to simulation is the use of a common 3D cellular model, which is defined and modified throughout the process and which accurately represents geometric, topological, and property information associated with the reservoir. This process involves geophysical, geologic, and reservoir engineering interpretation and analysis, and therefore an appropriate modeling grid must support the needs of all three disciplines. Since seismic data are the primary source of structural and stratigraphic information, and an important source for reservoir property information, it is particularly important that seismic interpretation and seismic attribute data be represented on the model grid with minimum interpolation and rescaling.
This paper describes the details of a new gridding method that is an extension of the POSC-Rescue multiblock approachthe XY-orthogonal truncated grid.
This gridding method retains the initial seismic data bin spacing while including a structural and stratigraphic framework. Each IJ location of the grid corresponds to a trace location in the seismic data; this allows simple and accurate representation of the seismic data on the model grid and accurate definition of complex fault structures and stratigraphy.
Advantages of the XY-orthogonal truncated grid. To understand the value of this approach, we will compare it with the most commonly used 3D gridding method-the corner-point grid. While developed and used primarily for reservoir simulation, corner-point grids (and variants) are used in geologic modeling as well. Figure 1a shows a corner-point grid representation of a cross-sectional slice through a model. The corner-point grid consists of a single IJK grid indexing a fixed number of six-sided cells. The six-sided cells make it difficult to accurately model geometry at faults. This is illustrated in the center fault block on Figure 1a which only has three cells to define the complete geometry of the two bounding faults and top horizon.
In the XY-orthogonal truncated grid for the same model (Figure 1b) , all fault blocks in the model share a common orthogonal grid. Each block, however, has its own IJK grid indexing. A cell within a block is indexed by the IJK and the block number. Using this gridding method, the center fault block in Figure 1b is 
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Coordinated by Rebecca B. Latimer polyhedral cell. The grid cell faces exactly match the fault grid. Comparing these two gridding methods in plan view demonstrates the problems associated with corner-point gridding as the model complexity increases. Figure 1c shows that adding an additional fault in the lower right quadrant of the model exceeds the resolution limits of this grid. Corner-point grids are limited to the number of grid nodes that exist in the original grid definition and therefore, as model complexity increases, the definition of model components must be reduced. This, in turn, compromises modeling accuracy and reduces or eliminates the possibility for model iteration.
The XY-orthogonal truncated grid in Figure 1d handles additional faults by simply creating more polyhedral cells from any cells that are bisected by the new fault. The effected cells are pale red in Figure 1d .
Since the newly created polyhedron maintains full resolution of all model components, upscaling and grid refinement can be easily accomplished in both the forward and reverse directions, facilitating cross-disciplinary model construction, refinement, and iteration.
There are a number of key advantages to this approach: First, ease of definition. Only the fault framework and the geometry of the XY-orthogonal grid need to be defined (XY origin, rotation-angle, NX, NY, dX, and dY). The resulting truncated grid is fully defined by this information, horizons, and the fault framework. Most importantly, the grid is unique. In the corner-point grid case, many grids are possible and significant user interaction is required to define the one desired.
Second, congruence with seismic and property grids. Most 3D seismic data and property grids are uniformly spaced orthogonal grids in the XY plane. The XY-orthogonal truncated grid can and should be congruent with these grids throughout the interpretation process. Where a rescaled grid is required, such as for simulation, this rescaling should be done so that results can be mapped back onto the original grid. The corner-point grid generally requires interpolation of seismic and property grids which is particularly complex and error-prone when cell columns are not vertical.
Third, simplified operations. Surface-to-surface operations are much simpler because all surfaces use the same grid. Vertical slices along grid-lines can be computed and displayed on the fly. Interpolation of top and bottom unit surfaces to generate intermediate surfaces is simple and much faster than in the case of a corner-point grid.
Fourth, process iteration. If we upscale or refine the grid by combining or splitting rows and columns, the simulation grid maintains a simple relationship to the original XY-orthogonal grid. Simulation results can thus be easily mapped back onto the fine-grid and compared directly with seismic attributes and fine-scale properties, finally making process iteration from seismic to simulation and back again practical. Figure 2 shows part of a reservoir model defined by the XY-orthogonal truncated grid. The model is organized into a set of blocks. Each block contains a set of blockUnits and each blockUnit has a 3D blockUnitGrid. These blockUnitGrids share the same global XY grid but are separate grids indexed by IJK and block number. Each cell in each blockUnitGrid is either complete (a hexahedral), null, or a polyhedral.
Many elements described here are identical to those defined in the POSC-Rescue specification1 for a multiblock model. The key elements missing from the Rescue model are explicit definitions of the elements defining the polyhedral grid cells. It is left to the downstream users of the modeling information to generate these polyhedral cells if they wish to do so. The absence of the explicit polyhedral cell definitions in the Rescue model reduces our ability to directly link and iterate between the geologic model and an upscaled simulation grid built from it.
Efficient model construction from seismic data. Since the XYorthogonal truncated grid can be congruent with the seismic grid and provides a framework for a structural interpretation, the interpreter can now construct a geometrically and topologically complete reservoir model rather than leaving these operations to downstream interpreters who are not able to work directly with the seismic data. As the following figures show, an integrated interpretation allows horizons to be geometrically related to faults to produce reservoir units and block unit grids, all within the same gridding system-thus avoiding a segmented workflow and model compromises from incompatible grid systems. Figure 3a shows a close-up of a quick interpretation of the top reservoir horizon. The colors represent pick quality (crosscorrelation), red being the highest quality and green the lowest. Figure 3b shows the model after faults have been interpreted from the autopicked horizon data and the seismic data.
The horizons have been gapped back away from the faults based on pick quality and distance to the faults. A key point here is that the horizon points retained are the original autopicked horizon points; no interpolation is necessary. Figure 3c shows the model after horizons have been extrapolated up to and intersected by the faults. This process is repeated for all horizons of interest with the result being a geometrically complete reservoir model ready for property modeling.
Interfacing to property modeling. The next step in the reservoir model description workflow is to efficiently populate the 3D blockUnitGrids with properties through interfaces to property models. Most property models operate on an XY-orthogonal grid so the simplest approach is to have the property model construct a flattened unfaulted grid with the same XY-grid as is being used here.
This approach results in a one-to-one cell mapping between the faulted model and the property model so that data defined on the faulted model, such as logcurve averages, seismic attributes, etc. can be easily defined for the property model. The resulting 3D property model can then be mapped back to the faulted model without interpolation or rescaling. Where faults divide single cells into multiple polyhedral cells each will have the same property value. If this is unacceptable, a more elaborate grid-to-grid transform would be required, the details of which go beyond the space limits of this paper.
Output for upscaling and reservoir simulation. In the terminology of reservoir grid description, we now have a multiblock grid description: Each cell can be indexed by block number and IJK indices within the block. Where the simulation/upscaling package does not understand multiblock grid descriptions, these indices must be mapped to a single domain
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NOVEMBER 2004 THE LEADING EDGE 0000 grid index I'J'K to reindex cells from different blocks that have the same IJK. Note that the K index remains the same; only IJ needs to be reindexed. Visually, we can think of this reindexing process as pulling the blocks apart in the I and J directions enough to eliminate any overlap in IJ. While some null cells will be generated in this process, the number should be minimal. This approach, in fact, has fewer nulls than the multiblock approach where many nulls may exist in the bounding box around a given block. Simulation/upscaling packages do not generally allow for the input of polyhedral cells so the volumes of these cells must be computed and provided as "cell volume overrides." Nonneighbor connections across faults or vertically across truncated cells must also be provided. A significant remaining problem is how to upscale nonneighbor connections. The advantage of this method is that the cell is orthogonal in XY which means that X and Y permeability values refer to absolute coordinates as opposed to local coordinates which is the case in corner-point gridding. Transmissibility calculations can thus be computed more accurately in this method. It is preferable, however, to provide the polyhedral geometries to the simulation/upscaling package so that the transmissibilities can be recomputed there in case the user wishes to change permeability values. This will require tighter integration between the modeling and simulation/upscaling packages than is currently available.
Conclusions. This paper describes and discusses the advantages of the XY-orthogonal truncated grid method for seismic interpretation and reservoir modeling. Performance in building large complex models has been clearly demonstrated. Because the method extends the POSC-Rescue format, its general usefulness has already been well established in commercial applications. The extensions described in this paper allow it to be more broadly used in iterating the complete seismic-to-simulation process and in turn enabling the short cycled, cross-disciplinary workflows of the future. While more work needs to be done, the method offers significant benefits in terms of simplicity, functionality, and performance for 3D reservoir modeling. Suggested reading. "What's in rescue" (http://www.posc.org/ rescue). "A new approach for the efficient construction of 3D geological models for reservoir applications" by Lasseter (Proceedings of the 8th ECMOR Conference, 2002). "Workflowderived applications: A cost-effective multivendor solution" by Jackson (TLE, 2003) . T L E
